Abstract -
INTRODUCTION
Baby corn are young and unfertilized corn ears with 2-3 cm emerged silks. Baby corn can be eaten raw and included in the diet in manifold ways, e.g., in salad, chutney, pakora, soup, preserves, among others (Dass et al. 2009, Hooda and Kawatra 2013) . When these corn ears are consumed, they are almost free of residual effects of pesticides, because they are still covered by husk leaves and well-protected from insects and diseases when harvested in this phase (Dhasarathan et al. 2012 ).
Brazil has a promising market for baby corn because of the growing demand and nearly inexistent production. There is also the possibility of export to other markets, especially those that already import Brazilian plant products. Aside from supplying the growing domestic demand, this product could be included in the list of exported goods, taking advantage of the existing export chain of fruits, ornamental plants and other products (Almeida et al. 2005) .
But currently, attention is focused on India, for allowing foreign exchange trading at an international level, generating higher economic returns for the farmers. Almost all marketed baby corn is imported from low-cost labor countries, as in the case of India, where corn harvest and husking are done by hand (Ranjan et al. 2013) . Because of its strategic location, India will export to many Asian, European and Persian Gulf countries. Baby corn has come to play an important role in stabilizing the livelihood security and increasing the yield of farmers in peri-urban areas (Dass et al. 2009 ).
Due to the limited number of studies on baby corn, no high-yielding cultivars were developed for the market. Currently some early-maturing corn cultivars, originally destined for grain production, are used for baby corn production (Dhasarathan et al. 2012) . In Brazil there are still no reports of breeding programs for specific maize varieties for baby corn production. Among the genotypes for grain production, some are possibly better-suited than others for baby corn production. The identification of these cultivars would allow their recommendation to farmers or their use as parents in breeding programs (DoVale et al. 2011) .
Breeders obtain abundant information from diallel analysis, which is often used in breeding programs of different crops, due to its efficiency in selecting parents for crosses resulting in hybrids with desirable phenotypes. This analysis provides estimates of general and specific combining ability, as well as information about the predominance of genes with additive and non-additive effects in the trait LRS Camacho et al.
control (Rodrigues et al. 2009 ).
The aim of this study was to evaluate the combining ability of popcorn lines and hybrids with favorable traits for the production of baby corn in lines derived from the major genotypes of the Brazilian germplasm. The experiments were evaluated in a randomized complete block design with four replications for the balanced diallel and with three replications for the partial diallel. The experimental plots consisted of one 5-m long row and were spaced 0.90 m apart, with an initial population of 190,000 seeds ha -1 , thinned to 180,000 plants ha -1 .
MATERIAL AND METHODS

Single
Fertilization at sowing consisted of 350 kg ha -1 of 8-28-18 NPK fertilizer. Fertilization was fractionated in two 150 kg ha -1 applications, the first in V2 and the second in the V6 stage, using urea as N source. Sowing was done by hand.
A 20-L backpack sprayer was used for desiccation with 4 L ha -1 glyphosate + 30 mL ha -1 lambda cialotrina in weed control and initial bedbug control, followed by the application of 3 L ha -1 atrazine as pre-emergent herbicide and three applications of 250 mL ha -1 profenofos + 100 mL ha -1 Lufenuron to control weed pests. The crop was harvested daily once the silks of the ears were 2-3 cm long, preferably in moments of the day with mild temperatures.
After husking, the ear diameter (ED) and ear length (EL) were measured (in mm) with a digital caliper, determined by the simple arithmetic average of 15 ears per plot and ear yield (EY) was assessed with an analytical balance, extrapolating the weight of ears per plot to kg ha -1 .
The data were subjected to analysis of variance and the means compared by the Scott-Knott test at 10% probability, using the SAS (SAS Institute 1996) statistical program. The mean squares of the treatments of the analysis of variance of the experiments were decomposed in hybrid, controls and between groups (hybrids and controls), and the mean squares of the error and degrees of freedom related only to the hybrids were used in the diallelic analyses. The unprecedented SAS routine for the Scott-Knott test is available at link: http://www.idroids.com.br/rotinaSASSK.txt.
For the genetic analyses we used method 4 for balanced diallels of Griffing (1956) . For partial diallels, we used the model proposed by Griffing (1956) , adapted for partial diallels (Cruz et al. 2004 ). Both analyses were performed using software Genes (Cruz 2006) .
RESULTS AND DISCUSSION
The results of the analyses of variance for the balanced diallel indicated significant differences between treatments for all traits, which shows the genetic variability demonstrated in the phenotypic differences between genotypes. The coefficients of variation (Table 2) for EL and ED were similar to those reported by Rodrigues and Silva (2002) . The coefficient of variation for EY was similar to that observed by DoVale et al. (2011) , when evaluating 10 commercial maize cultivars suited for baby corn production. Other authors such as Resende and Duarte (2007) , using the selection accuracy as parameter for assessing the quality of experiments of cultivar evaluation. According to the authors, the values of the estimates of selection accuracy for EL and ED could be classified as high experimental precision, while the value for EY would be estimated as moderate. Santos et al. (2014) studying the agronomic performance of 16 super-sweet corn genotypes, assessed the quality of EL and ED evaluations and the estimated values of selection accuracy similar to this study.
The average results found for EY in the balanced diallel were similar to those reported by Almeida et al. (2005) , who tested common commercial maize genotypes. However, these results were inferior to those of Rodrigues et al. (2004) , who evaluated genotypes destined specifically for baby corn production. It is noteworthy that the balanced diallel was evaluated in the second growing season, during which environmental stresses are common that cause reductions in EY. Thus, despite the low means, crosses with EY could be identified. Fifteen hybrids had an equally excellent performance for this trait, not differing significantly from each other in relation to the controls Jade, IAC 112 and IAC-125 by the Scott-Knott test (Scott and Knott 1974) at 10% probability (Table 3) . Scott-Knott test at 10% probability were used in order to detect significant differences more efficiently.
In the balanced diallel, the mean squares for specific combining ability (SCA) were significant at 5% probability for EL and ED (Table 2) , while for EY, significant at 5% probability only for general combining ability (GCA). This indicates the existence of genetic variability, resulting from the action of additive effects for EL and ED, and non-additive control of gene expression for EY. It is also important to mention the genetic variability in parental lines with a high potential for yield-related traits of baby corn as well as the possibility of specific combinations of lines in hybrid breeding. With regard to trait EL, Rodrigues et al. (2004) reported significance at 1% probability for both GCA and for SCA, in seven prolific S 2 baby corn families. For ED, the same authors noted the significance for GCA only, at 1% probability. For both traits, these results disagree with ours. It is worth remembering that these results are specific to the group of lines studied, so differences in results between scientific papers are to be expected. Means followed by the same letter belong to the same group, according to the grouping criteria of Scott-Knott, at 10% probability.
The lines L8.4 and L3.2 had very high positive Ĝ i values (42,108 and 40,424 respectively), with a noteworthy ER, particularly in view of their presence in the composition of most higher-yielding hybrids. These estimates indicate both lines as promising for breeding programs of hybrids with higher EY. The differences between the effects of the two parents were considered significant when these exceeded the standard deviation at least twice (Singh and Chaudhary 1979) .
The estimates of the SCA effects (Ŝ ij ) and standard deviations for the 36 single-cross popcorn hybrids for evaluation of baby corn are presented in Table 4 . Low Ŝ ij values indicate that the hybrid performance can be predicted based on the GCA of their parents (Cruz et al. 2004 ).
According to the results obtained for EL, by means of SCA estimates, the hybrids with high positive Ŝ ij values were HS 3, HS 20, HS 35, and HS 36. For ED, the best hybrids were HS 35 and HS 36.
The analysis of variance of the experiment based on the partial diallel indicated the existence of significant differences between treatment means only for EY at 5% probability. The estimate of the coefficient of variation (Table 2) for this trait is consistent with that observed by Rodrigues and Silva (2002) . The estimated value of selection accuracy for this trait fits into the class of experimental precision very high (Resende and Duarte 2007) .
Five hybrids stood out in the partial diallel with exceptional EY: P9.5.3 x P8.3 (969.27), P9.5.5 x P8.5 (951.85), P9.5.1 x P8.5 (941.15), P9.5.5 x P8.2 (929.63), P9.5.4 x P8.4 (882.59), , with no significant difference from each other by the Scott-Knott test at 10% probability.
In the analysis using the Griffing (1956) model, adapted for partial diallels (Cruz et al. 2004 ), significant differences were detected for GCA (p <0.05) in relation to EY, for the lines of group I and II, indicating variation between the lines within each group (Table 2 ). The SCA effects were also significant (p <0.05), indicating the existence of variability in the non-additive genetic effects. The magnitude of the mean squares (Table 2) indicated that the GCA values for group II and for SCA are close, i.e., the additive gene effects of the lines of group II and the non-additive gene effects were equally relevant. On the other hand, the mean square of the GCA of the group I lines was well below the values of GCA for group II and SCA, indicating that additive genetic effects of the group I lines are less important than the additive gene effects of group II lines and the non-additive genetic effects.
The estimates of GCA, SCA and of the standard deviations for EY for the partial diallel are shown in Table 5 . In group I, the lines P9.5.1 and P9.5.5 were selected for their high positive Gˆi values, while in group II, P8.3 and P8.5 stood out with high positive Gˆi values. These lines are recommendable for crosses within each group, to develop synthetic varieties and for breeding programs for higheryielding hybrids. 
